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Abstract
Purpose The increased social and economic burdens make osteoporosis in men an emerging public health issue. However,
the quality of life among men with osteoporosis is still unclear. This systematic review and meta-analysis aimed to evaluate
the health-related quality of life (HRQoL) among men with osteoporosis or osteoporotic fracture.
Methods PubMed, EMBASE, and the Cochrane Library database were systematically searched from inception to May
2021. Studies were included if they used validated questionnaires to measure HRQoL among osteoporotic men. A meta-
analysis was performed using a random-effects model or fixed-effects model to calculate the standard mean difference
(SMD) or mean difference (MD) with 95% confidential interval (95% CI).
Results 14 studies involving 6338 male participants were chosen for systematic review, of which 10 were included in the
meta-analysis. Men with osteoporosis had poorer global HRQoL and multiple dimensions of HRQoL than men without
osteoporosis. Hip fracture, vertebral fractures, or wrist fractures dramatically impaired HRQoL of men, and physical function
was declined even before hip fracture (SMD=−0.60, 95% CI, −0.82 to −0.39). Femoral and lumbar BMD was positively
correlated with HRQoL, and a number of fragility fractures and time since fracture had negative effects on HRQoL.
Effective anti-osteoporotic drugs could improve HRQoL of men.
Conclusion The health-related life quality of men was significantly impaired by osteoporosis and fracture of the hip,
vertebral, or wrist. We should pay more attention to the diagnosis and treatment of male osteoporosis to improve the life
quality of men.

Key words Osteoporosis in men ● HRQoL ● Bone fracture ● Anti-osteoporotic treatment

Introduction

Osteoporosis is a systemic skeletal disease characterized by
low bone mass and microarchitectural deterioration of bone
tissue with a high risk of bone fracture. With a rapid
population aging in China, osteoporosis has become a

significant public issue not only in women but also in men.
It is estimated 133.9 million men over 50 years old in
China, and the prevalence of osteoporosis was 6.0% in men
[1, 2]. Osteoporotic vertebral fracture and hip fracture were
found in 17.0% and 2.1% of men of China [3, 4]. For
Chinese men aged 50–90 years, approximately 8.7% of men
would sustain a major osteoporotic fracture during their
remaining lifetime [5]. Men tended to have more
osteoporosis-related complications and higher mortality
after osteoporotic fracture than women [6]. Approximately
one-third of men would die of complications of bone frac-
ture within the first year after a hip fracture [7]. Although
the prevalence of osteoporosis and osteoporotic fracture
were fairly high and their consequences were quite serious,
osteoporosis remained under-recognized and undertreated
in men.

Osteoporosis had negative effects on health status, which
was mainly reflected from the assessment of the health-
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related quality of life (HRQoL) among postmenopausal
women with osteoporosis. HRQoL was an individual’s
ability to carry out some pre-defined activities and an
individual’s subjective sense of well-being in physical,
mental, and social domains of health [8]. HRQoL mea-
surement was of great significance to evaluate the impacts
of chronic diseases on patients and the cost-effectiveness of
different therapies. Although osteoporosis had obvious
adverse impacts on men, men with osteoporosis scarcely
received an assessment of HRQoL, even after the fragility
fractures. Previous systematic reviews and meta-analysis
reported patients with osteoporotic fractures had significant
decrements in overall health state utility values, an index
which was used to measure health preferences and often
used for economic evaluations [9, 10]. Another meta-
analysis also demonstrated vertebral fractures had adverse
effects on HRQoL of older patients, especially in the phy-
sical domain [11]. However, all the studies only included a
paucity of male patients. There was also little information
about what effects osteoporosis-related conditions had on
male patients and which domain of HRQoL was pre-
ferentially affected. As far as we know, there was no meta-
analysis focusing on the effects of osteoporosis or osteo-
porotic fracture on the HRQoL of male patients.

Therefore, we performed a systematic review and meta-
analysis about the impacts of osteoporosis or osteoporotic
fractures on men to (1) evaluate the differences in HRQoL
between men with and without osteoporosis, (2) identify the
effects of osteoporotic fracture-related conditions on an
overall and different dimension of HRQoL among men, (3)
analyze the potential factors associated with HRQoL out-
comes among men with osteoporosis, (4) investigate whe-
ther anti-osteoporotic therapies could improve the HRQoL
of men.

Methods

This study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement. The protocol was regis-
tered on PROSPERO (https://www.crd.york.ac.uk/
PROSPERO), the international prospective register of sys-
tematic reviews (CRD42020199627).

Search strategy

A systematic literature search was performed in PubMed,
EMBASE, and the Cochrane Library from the inception of
each database to May 2021. Bibliographies of included
studies were manually checked for any pertinent studies.
The following terms were used to identify the targeted
population: osteoporosis, osteopenia, low-trauma fracture,

low-energy fracture, fragility fracture, in combination with
male, man, and men. We used the following terms to
identify HRQoL: health-related quality of life, HRQoL,
QoL, life quality, and health status.

Eligibility criteria

We applied inclusion and exclusion criteria to select studies
of interest. Studies were eligible if they aimed to measure
HRQoL using a validated questionnaire among men with
osteoporosis or osteoporotic fracture. We included obser-
vational studies and intervention trials that reported the
baseline HRQoL of men with osteoporosis. Osteoporosis
was defined as low bone mineral density (BMD) with
T-score ≤−2.5, or with fragility fractures according to the
criteria of the World Health Organization [12] or using the
specific, validated criteria by clinicians. Low-trauma frac-
ture of the hip, spine, proximal humerus, or distal forearm
was included. If the same population was used by multiple
articles with the same study design, the one with the most
relevant data was included.

Studies were excluded if they were: (1) focusing on
secondary osteoporosis caused by glucocorticoid therapy,
rheumatoid arthritis, hyperparathyroidism, renal disease,
malabsorption disease, hereditary bone disease, and so on;
(2) concentrating on high-energy fractures; (3) conference
abstracts, case studies or review; (4) written in language that
could not be translated into English; (5) reporting only
aggregate HRQoL values for osteoporotic groups without
separate data of men.

Data extraction

Titles and abstracts of articles identified by the search were
independently screened by two reviewers. Potentially eli-
gible studies were subsequently assessed for inclusion
based on a full-text review. One reviewer extracted data
from the included study which was validated by the second
reviewer. The collected data included the first author,
publication year, country, study design, participant char-
acteristics, methods for the diagnosis of osteoporosis and
osteoporotic fracture, HRQoL tools, factors associated with
HRQoL outcomes, significant results, and conclusion.

Methodological quality assessment

The methodological quality and bias of the included studies
were assessed by two independent researchers according to
the Newcastle–Ottawa Scale (NOS) adapted for observa-
tional studies [13, 14]. Studies were rated as good quality
when they scored more than half of the total score. How-
ever, studies were incorporated for analysis, irrespective of
NOS scores.
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Meta-analysis

It was previously hypothesized that there would be a sig-
nificant discrepancy between HRQoL instruments applied in
the included studies. Consequently, when it came to pool the
results from the different questionnaires, the following pro-
cedures were conducted to resolve this question: (1) syn-
thesizing the subscales and overall HRQoL scores with good
internal consistency; (2) ensuring uniformity of the direction
of scale [11]; (3) using standardized mean difference (SMD)
with corresponding 95% confidential interval (95% CI) to
render them comparable irrespective of differences in the
underlying constructs of the instruments [15]. Correspond-
ingly, a random-effects model was used to calculate this
effect size as different assessment tools may have various
sensitive detection abilities to measure the impact of
osteoporosis-related conditions [15]. An SMD of 0.80 was
classified as a large difference between the two groups for
comparison; 0.50, a moderate difference; and 0.20, a small
difference [16]. We also calculated statistical heterogeneity
by using Cochran’s chi-square test (Q test) and I2 statistic
[17]. However, the mean difference with 95% CI was cal-
culated using a fixed-effects model when combining the
HRQoL outcomes measured by the same assessment tool and
low heterogeneity existing among study results, which was
considered as P > 0.1 and an I2 statistic below 50% [17]. The
weight given to each study was the inverse of the variance of
the effect estimate. Mean and standard deviation (SD) were
estimated from sample size and interquartile range using a
standard mathematical method when these were unavailable
[15]. Meta-analysis results about the effects of osteoporosis
or osteoporotic fracture on HRQoL were presented as forest
plots. All statistical analyses were performed using Review
Manager 5.4.1. All tests were two-tailed, and P < 0.05 was
regarded as statistically significant.

Results

Studies selection

The initial database search for systematic reviews or meta-
analyses yielded a total of 4601 records. An additional
16 studies were selected for inclusion in this review after
screening reference lists of the retrieved articles and 527
duplicates were eliminated. 4074 records were screened
based on titles and abstracts, of which 114 articles remained
for full-text analysis. Finally, a total of 14 articles met the
inclusion criteria of the systematic review. Studies were
excluded from meta-analysis due to the unavailability of the
mean, SD, or sample size, which could not be calculated
manually. Thus, a total of 10 studies were incorporated into
meta-analysis (Supplementary Fig. 1).

Characteristics of the included studies

Design, setting, and participants

All the eligible studies were consisting of three prospective
cohort studies [18–20], four case-control studies [21–24],
five cross-sectional studies [25–29], and two prospective
cohort studies with cross-sectional data regarding HRQoL
[30, 31] (Table 1). These articles originated from 11
countries: Mexico [18], Spain [19, 20], Turkey [21], China
[22], USA [23], Japan [25, 29], UK [24, 31], Norway [26],
Germany [27], Australia [28], and Iceland [30]. These
clinical studies involved 6338 men, among which 1469 men
were diagnosed with osteoporosis or osteoporotic fractures.
There were 489 and 276 men experiencing vertebral or hip
fractures, respectively. The mean age of men varied from
60.5 to 77 years [23, 25, 29–31]. Two studies recruited
participants aged 40 years and older [21, 29], and most
studies were conducted with the age of 50 years as the lower
age limit for inclusion.

Diagnosis of osteoporosis or osteoporotic fractures

In five studies [21–23, 27, 31], osteoporosis was diagnosed
according to the WHO criteria [12]. The osteoporotic
fractures were defined based on the International Classifi-
cation of Diseases, Tenth Revision (ICD10) diagnostic
codes [30]. Five studies [22, 25, 26, 28, 29] focused on the
association between vertebral fractures and HRQoL, which
used Japanese Society of Bone and Mineral Research cri-
teria, McCloskey–Kanis criteria [32], a quantitative mor-
phometric method [33], Genant’s semi-quantitative method
[34] to identify the vertebral fracture. Four studies recruited
patients with low-energy fractures without mentioning the
diagnosis criteria in detail [18–20, 24].

HRQoL instruments

Four generic measures and four disease-specific ques-
tionnaires were utilized. Descriptions of the reported
HRQoL questionnaires were shown in Supplementary
Table 1.

Risk of bias within studies

The overall bias risks of included studies were moderate
(Supplementary Table 2). Patients in the most included
studies were representatives of a community or population
or recruited consecutively from the monocenter. Nearly all
studies adjusted for at least one important confounder
(Table 2).
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Synthesis of results

Differences in HRQoL between men with and without
osteoporosis Compared with men with normal BMD or
representative group of males, osteoporotic men had poorer
HRQoL [21, 27, 31] (Table 1, Supplementary Table 3).
Osteoporosis in men had poorer outcomes of global
HRQoL, physical function, general health, and bodily pain
domains of SF-36. After accounting for age, BMI, physical
activity, social class, cigarette and alcohol consumption,
and comorbidities, osteoporosis was still correlated with
increased odds for poorer general health (odds ratio, OR=
3.14, P= 0.03) and physical function (OR= 3.39, P=
0.03) of men [31]. Since there were no more related studies
in China, we briefly compared HRQoL outcomes of patients
from the included Chinese study [22] with a generally
healthy population in China [35], and found an impaired
mental health status in Chinese osteoporotic men, which
was consistent with another study that found pain/dis-
comfort and anxiety/depression were the most impacted
dimension of EQ-5D [27].

Differences in HRQoL between men with and without
osteoporotic fracture Five studies reported the overall
HRQoL in men with and without osteoporotic fracture
[22, 26, 27, 29, 30]. Pooled results of these studies indicated
a reduced HRQoL in the fracture group (SMD=−0.53,
95% CI, −1.01 to −0.05) but with substantial heterogeneity
(I2= 95%, P < 0.01) (Fig. 1).
Hip fracture dramatically impaired HRQoL of men

[18, 20, 24]. Compared with men without fracture, patients
had great declines in physical function score and mental
function score within 6 months after hip fracture, especially
in physical function score (fracture versus non-fracture:
−9.21 ± 0.95 versus 3.11 ± 1.42, P < 0.001) [20]. The mean
accumulated HRQoL loss for EQ-5D-5L utilities was 0.30
(0.22–0.37) during the first year after hip fracture [18].
Within the two years of hip fracture, physical function
scores deteriorated to more than 1.7 SD below the national
mean [24]. Moreover, a meta-analysis of studies indicated
fracture cohort already had worse physical function even
before hip fracture (SMD=−0.60, 95% CI, −0.82 to
−0.39, I2= 0%, P= 0.64) (Fig. 2).
Subsequently, an analysis of the impacts of vertebral

fracture on HRQoL was conducted. Osteoporotic vertebral
compressed fractures (OVCF) alone had attenuated but non-
significant effects on overall HRQoL (SMD=−0.57, 95%
CI, −1.28 to 0.15), along with high heterogeneity (I2=
96%, P < 0.01) [22, 26, 29, 30]. Fixed-effects meta-analyses
of EQ-5D scores in patients with vertebral fractures yielded
similar results (MD=−0.01, 95% CI, −0.03 to 0.01) with
low heterogeneity (I2= 0%, P= 0.43). However, analysis
of different dimensions indicated that vertebral fracture ledTa
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to a significant decline in physical function (SMD=−0.35,
95% CI, −0.63 to −0.08, I2= 0%, P= 0.90) [22, 29] and
physical component scores (SMD=−0.64, 95% CI, −0.86
to −0.42, I2= 0%, P= 0.94) [22, 25, 29] compared with
control groups (Fig. 3). The results were consistent with
another study, in which men with morphometric vertebral
fractures were more than twice as likely to have a lower
physical function (age-adjusted odds ratio: 2.51, 95% CI,
1.32–4.79) [28]. Bodily pain, mental health, and mental
component scores domains had no significant difference
between groups with and without vertebral fracture.
Similarly, men with wrist fracture also had significantly

lower scores of physical components than men without
wrist fracture (fracture versus non-fracture: −4.84 ± 1.07
versus 0.96 ± 1.76, P= 0.005) [19].

Factors associated with HRQoL outcomes of men with
osteoporosis A total of six predictors of HRQoL outcomes
of male patients were reported, including femoral BMD,
lumbar BMD, time since fracture, and number, type, and
severity of fractures [21, 24, 26, 27, 31] (Table 2). Higher
femoral BMD was associated with better HRQoL of patients
in two studies, more predominantly in domains of physical

function, social function, and general health [21, 31]. A
similar correlation was also found between lumbar BMD and
HRQoL [21]. A significant negative correlation was found
between the number of fragility fractures or time since
fracture and HRQoL (Table 2), while the number, type, and
severity of vertebral fractures were thought to have no pro-
minent effects on HRQoL loss [26]. Health status seemed to
gradually deteriorate with time after fracture [24].

Anti-osteoporotic therapies and HRQoL Researches about
the effects of anti-osteoporotic therapy on HRQoL of men
were extremely scarce. We only identified a 2-year long-
itudinal study that compared the efficacy of denosumab and
alendronate in improving HRQoL of men with osteoporosis
and non-metastatic prostate cancer who were receiving
androgen deprivation therapy [36]. After receiving deno-
sumab or alendronate treatment, patients in two groups had
a significant improvement in their health conditions. The
mean increases in mental component scores were 2.43
(95% CI: 1.71–3.03) and 2.52 (95% CI: 1.75–3.07),
respectively, with an increase of 4.48 (95% CI: 3.71–5.25)
or 4.53 (95% CI: 3.74–5.19) in the physical component
score (Fig. 4).

Fig. 1 Meta-analysis of differences in HRQoL between men with and without osteoporotic fractures

Fig. 2 Meta-analysis of differences in baseline HRQoL before hip fracture between men with and without fractures. MCS mental component score,
PCS physical component score
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Discussion

We systematically reviewed the literature pertaining to
HRQoL of men with osteoporosis, to meta-analytically

investigate the impacts of osteoporosis or osteoporotic
fractures on HRQoL of men. Our results revealed that
osteoporosis would obviously impair multiple dimensions
of HRQoL of men. Physical function was the most affected

Fig. 3 Meta-analysis of differences in HRQoL between men with and without vertebral fracture (Vfr). A Analysis of the total scores. B Analysis of
EQ-5D scores. C Analysis of different dimensions of quality of life
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after fragility fractures. Femoral and lumbar BMD was
positively correlated with HRQoL of men, and the fre-
quencies of all sites of fragility fracture were associated
with HRQoL of men. Effective anti-osteoporotic drugs,
such as denosumab and alendronate, were able to improve
the life quality of men.

Osteoporosis and osteoporotic fractures were extremely
harmful to the physical function and mental health status of
men, which could be related to the following aspects.
Firstly, bone loss with aging could not only reduce bone
mass, but also damage bone microstructure, which led to
increased cortical porosity, decreased cortical bone width
and trabecular thickness, and increased trabecular separa-
tion [37, 38]. Secondly, low bone mass and deteriorated
bone microstructure of men would result in impaired bone
strength, which could induce low-energy fractures and re-
fractures. Bone fracture would lead to bone pain, bone
deformity, and trigger a series of serious consequences,
such as decreased living abilities, anxiety and depression,
cardiovascular and cerebrovascular complications, and so
on, which were incredibly harmful to HRQoL of patients
[39]. Thirdly, men with osteoporosis or fragility fractures
usually had a prominent loss of muscle mass and strength,
which would lead to functional impairment, high risk of
fall, further endangering the life quality of men [40].
Moreover, men often had inappropriate lifestyles, such as
smoking, alcohol addiction, sedentary lifestyle, lack of
sunlight exposure, which would impair bone health and
further damage the life quality of men [41].

Hip fracture was the most dangerous consequence of
osteoporosis which could threaten HRQoL from several
aspects. Hip fracture directly gave rise to limited mobility,
high risk of deep venous thrombosis, even cardiovascular
and cerebrovascular events, which not only reduced the
HRQoL of men but also increased mortality [6]. Moreover,
long-term bed rest, social deprivation, and high medical
costs also contributed to the decline of HRQoL [42, 43].
Hip fracture patients were found to perceive poorer health
status even prior to the fracture, which was regarded as a
strong predictor of excessive mortality and poor outcome
after hip fracture [44].

OVCF was one of the most common fractures, which
were closely related to the decline of the physical function
of HRQoL. As the majority of OVCF patients only received
conservative treatments, OVCF could induce persistent
bone pain, kyphosis or scoliosis, mobility limitation, which
impaired the HRQoL of men [45]. Because OVCFs were
usually asymptomatic, moderate, or severe vertebral defor-
mities did not receive enough attention [46], and the impact
of OVCF on the quality of life of men was often ignored.
Because of the increased risk of refracture after vertebral
fracture, it was of great clinical significance to diagnose
OVCF early and take measures to prevent vertebral
refracture in order to improve the life quality of men.

In this study, we found many factors correlating to
HRQoL. Men with higher femoral and lumbar BMD were
more prone to have better HRQoL. The correlation between
BMD and HRQoL still existed after controlling for age and
comorbidity [31]. Lower BMD indicated a compromised
bone structure and strength, which was a strong predictor of
fracture in men [47]. The frequencies of all sites of fragility
fracture were associated with poorer HRQoL of men. Fear
of undesirable consequences like falling, fractures, and
immobility might be attributable to impaired HRQoL [48].
HRQoL was greatly declined in the shorter time after
fracture and recovered afterward [49], but HRQoL of
patients with fracture could hardly rebound to the previous
level [50]. Continuous decline of health conditions may
exist after fracture [24].

As osteoporotic men had remarkable decrements in
HRQoL, increased morbidity and mortality, treatment for
men with osteoporosis or osteoporotic fractures was
necessary. Treatment for male osteoporosis included anti-
resorptive and anabolic agents, which were represented by
bisphosphonates, denosumab, and teriparatide. However,
few studies observed the effects of anti-osteoporotic drugs
on HRQoL of men. Only a study about androgen depriva-
tion therapy for men with non-metastatic prostate cancer
showed that denosumab and alendronate could significantly
increase BMD of the patients and improve their health
status. The results suggested a positive correlation between
the anti-osteoporotic treatment and HRQoL outcomes of the
patients [36]. It is necessary to conduct studies to evaluate
the life quality of men with osteoporosis to establish an
effective therapeutic strategy.

We thoroughly evaluated the HRQoL for the first time in
men with osteoporosis or osteoporotic fractures through
systematic review and meta-analysis. However, there were
several limitations in this study. First, the included ques-
tionnaire of HRQoL was different and utilized among dif-
ferent groups. Hence, limited data could be synthesized and
effect size estimate measured as SMD should be interpreted
with cautions. Second, the sample size of prospective study
about the impact of osteoporotic fracture on HRQoL of men

Fig. 4 Changes of HRQoL among male patients after receiving anti-
osteoporotic therapies. MCS mental component score, PCS physical
component score
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was small. Third, included studies about the effects of
anti-osteoporotic therapy on HRQoL of men were very rare,
whether effective anti-osteoporotic agents could improve
HRQoL of men was worth further study.

Conclusion

In this meta-analysis of clinical studies, osteoporosis and
fragility fractures of the hip, spine, or wrist were demon-
strated to remarkably reduce the physical and mental health
status of men. Femoral and lumbar BMD was positively
correlated with HRQoL, and a significant negative corre-
lation was found between a number of fragility fractures and
time since fracturing with HRQoL. Effective anti-
osteoporotic drugs, such as denosumab and alendronate,
may improve the life quality of men. In the future, large
sample studies to evaluate the life quality of men with
osteoporosis, especially the effects of anti-osteoporotic
treatment on the life quality of men, still need to be
carried out.
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